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COMPARATOR CIRCUIT 

BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
5 The present Invention relates to a high-speed and 

high-preclslon comparator circuit for comparing two small 
signals at a high speed and outputtlng a digital value 
according to a magnitude relation of these signals In a 
high-speed A/D capacitor or the like. 

10 2. Description of the Related Art 

As a comparator circuit used for an A/D capacitor 
or the like, one configured by an amplifier and a latch 
circuit for outputtlng a digital value in synchronization 
with a clock signal has been known. Fig. lA shows an 

15 example of such a conventional comparator circuit. The 

comparator circuit shown in this drawing is configured by 
connecting a differential amplifier circuit having NMOS 
transistors Ml, M2 and a current mirror load circuit 
composed of PMOS transistors M3, M4, M5, M6 to a latch 

20 circuit configured by two Inversion amplifiers (inverters) 
that are connected so that an input of one amplifier is 
made into an output of other amplifier. 

Two inversion amplifiers are configured by a NMOS 
transistor M7 and a PMOS transistor Mil, and a NMOS 

25 transistor M8 and a PMOS transistor M12, respectively. In 
addition, the inversion amplifiers are provided with a NMOS 
transistor M9 for equalizing output signals OUTP and OUTN, 
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and a transistor MIO for operating the inversion amplifiers 
in synchronization with a clock signal CLK. 

In the differential cunplifier circuit having the 
current mirror circuit , a source of the transistors Ml and 
5 M2 is connected to a power source 11, and two input signals 
INP and INN are applied to gates of the transistors Ml and 
M2, respectively. To drains of the transistors Ml and M2, 
drains and gates of the transistors M3 and M4, and gates of 
the transistors M5 and M6 are respectively connected. 

10 Sources of the transistors M3, M4, M5 and M6 are connected 
to a supply voltage VDD, respectively, and the drains of 
the transistors M5 and M6 are connected to the inputs and 
the outputs of the inversion amplifier (inverter). 

In the latch circuit configured by two inversion 

15 amplifiers, a transistor M9 is connected between the output 
terminals OUTP and OUTN, and the clock signal CLK is 
applied to a gate of the transistor M9. When this clock 
signal CLK is at a High level, the transistor M9 turns the 
power on, and the output terminals OUTP and OUTN are 

20 equalized. At the same time, the clock signal CLK is 
applied to a gate of a transistor MIO to make the 
transistor MIO non - conduct ive . As a result, the latch 
circuit is made into a non-active status. 

A source of the transistors M7 and M8 is connected 

25 to an earth potential, and a gate of the transistor M7 is 
connected to a drain of the transistor M8 and the output 
terminal OUTP. In addition, a gate of the transistor 8 is 
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connected to a drain of the transistor M7 and the output 
terminal OUTN. A source of a transistor MIO Is connected 
to the supply voltage VDD, and a drain thereof Is connected 
to a source of transistors Mil and M12. Gates of 
5 transistors Mil and M12 are connected to the output 

terminals OUTP and OUTN, respectively; and drains thereof 
are connected to the output terminals OUTP and OUTN, 
respectively. 

The operation of a conventional comparator circuit 

10 will be described below. 

When the clock signal CLK Is at the High level. If 
the transistor M9 turns the power on, the output terminals 
OUTP and OUTN are equalized to the equal potential. At the 
same time, two Input signals INP and INN are applied to the 

15 gates of the transistors Ml and M2 since the transistor MIO 
is made into the non-conductive status, however, an input 
signal is not differentially amplified due to the 
differential amplifier circuit having the current mirror 
load circuit since the output terminals OUTP and OUTN are 

20 equalized to the equal potential. 

Next, if the clock signal CLK transits to a Low 
level, the transistor M9 is made into a non-active status, 
a potential difference between the input signals INP and 
INN that are applied to the transistors Ml and M2 is 

25 slightly amplified in the differential amplifier circuit 
having the current mirror load circuit to be output ted to 
the output terminals OUTP and OUTN. At the same time, the 



- 4 - 



F-03ED0191 



transistor MIO is made into a conductive status, the latch 
circuit configured by two inversion amplifiers configured 
by the transistors M7 and Mil, and the transistors M8 and 
M12 is operated (activated), the small potential difference 
5 between the output terminals OUTP and OUTN amplified by the 
differential amplifier circuit having the current mirror 
load circuit is rapidly enlarged and amplified to a degree 
of the supply voltage or the earth potential level, and 
this amplified voltage is held in the output terminals OUTP 

10 and OUTN (see Fig. IB). 

For example, this sort of comparator circuit is 
disclosed in JP-A-5-67950 and JP-A-202-23774 . 

In the above -described comparator circuit, the 
voltage levels of the output terminals OUTP and OUTN should 

15 be decided by the magnitude relation between the input 

signals INP and INN at a leading edge of the clock signal 
CLK, however, when the potential difference of the input 
signals INP and INN is small, the potential difference of 
the output terminals OUTP and OUTN is rapidly changed due 

20 to the amplification operation of the latch circuit, and 
this results in returning of the voltage change in the 
output terminals OUTP and OUTN to the side of the input 
signals INP and INN due to a parasitic capacitance (Clgd, 
C2gd, C5gd, C6gd) between the gate and the drain of the 

25 transistors Ml, M5, and M2, M6 . Therefore, this involves a 
problem such that a so-called kickback phenomenon, in which 
the voltage relation between the input signals INP and INN 
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is inversed, occurs and then, a malfunction may occur. 

In addition, wiring resistance and wiring 
capacitance from the drain of the transistor M5 to the 
drains of the transistors M8 and M12, and the gates of the 
transistors M7, Mil may be slightly different from those 
from the drain (or the source) of the transistor M9 and the 
drain of the transistor M6 to the drains of the transistors 
M7, Mil and the gates of the transistors M8 , M12. 
Therefore, in the event of deciding the magnitude relation 
of the input signals INP and INN having the small voltage 
difference, a small difference is generated in the speed of 
the voltage level change of the output terminals OUTP and 
OUTN by the amplifier having the current mirror load. In 
the conventional comparator circuit shown in Fig. lA, the 
amplification operation is started by the latch circuit at 
the same time as the amplification operation by the 
differential amplifier having the current mirror load, and 
this involves a problem such that, under the condition that 
the voltage level amplified by the differential amplifier 
having the current mirror load is not determined, a wrong 
voltage level is held if the voltage level is rapidly 
amplified. 

SUMMARY OF THE INVENTION 

In order to provide a comparator circuit without 
generating a malfunction, the comparator circuit according 
to the present invention may comprise a comparator circuit 
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including: a differential amplification circuit having a 
differential pair transistor for inputting a signal as an 
object of comparison, and a current mirror load circuit; a 
latch circuit having inversion amplifiers that are 
configured so that an input of one amplifier becomes an 
input of other amplifier so as to cunplify a differential 
output signal output ted from the current mirror load 
circuit in accordance with a magnitude relation of the 
signal as an object of comparison; an equalization 
transistor for equalizing a signal of the differential 
amplification circuit; a delay circuit for generating a 
signal to delay a control signal to be inputted in a 
control electrode of the equalization transistor; and a 
control transistor for inputting an output signal of the 
delay circuit in the control electrode as a control signal 
to make the latch circuit into an active status and a non- 
active status. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. lA is a circuit diagram showing an example of 
a conventional comparator circuit; 

Fig. IB is a wave form chart showing a relation 
between a CLK signal and an output signal in the circuit 
shown in Fig. lA; 

Fig. 2 is a circuit diagram showing a first 
embodiment of a comparator circuit according to the present 
invention; 
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Fig. 3 Is a circuit diagram showing a second 
embodiment of the comparator circuit according to the 
present invention ; 

Fig. 4A is a circuit diagram showing a third 
embodiment of the comparator circuit according to the 
present invention ; 

Fig. 4B is a timing chart showing wave forms of 
respective parts in Fig. 4A; and 

Fig. 5B is a circuit diagram showing a fourth 
embodiment of the comparator circuit according to the 
present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments showing the best mode of the 
present invention will be described below with reference to 
the drawings. In the drawings, the sizes, the figures, and 
the conf igurational relation of respective components are 
schematically depicted to a degree that the present 
invention can be appreciated. In addition, to the 
identical components, the identical reference numerals are 
given and the duplicate explanations are herein omitted. 
(First embodiment) 

Fig. 2 is a circuit diagram showing a first 
embodiment of a comparator circuit according to the present 
invention. The comparator circuit in this embodiment is 
configured by connecting a differential amplifier circuit 
having NMOS transistors Ml, M2 and a current mirror load 
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circuit composed of PMOS transistors M3, M4 , M5, M6 to a 
latch circuit configured by two inversion amplifiers 
(inverters) that are connected so that an input of one 
amplifier is made into an output of other amplifier. 

Two inversion amplifiers are configured by a NMOS 
transistor M7 and a PMOS transistor Mil; and a NMOS 
transistor M8 and a PMOS transistor M12, respectively. In 
addition, the inversion amplifiers are provided with a NMOS 
transistor M9 for equalizing output signals OUTP and OUTN, 
and a transistor MIO for operating the inversion amplifiers 
in synchronization with the delayed clock signal. 

In order to apply the delayed clock signal CLK to 
the gate of the transistor MIO, according to the present 
embodiment, a first inverter circuit configured by the PMOS 
transistor M13 and the NMOS transistor M14, and a second 
inverter circuit configured by the PMOS transistor Ml 5 and 
the NMOS transistor M16 are connected in series; and an 
output signal of the second inverter circuit is inputted in 
the gate of the transistor MIO. 

In the differential amplifier circuit having the 
current mirror circuit, a source of the transistors Ml and 
M2 is connected to a power source 11, and two input signals 
INP and INN are applied to gate electrodes of the 
transistors Ml and M2, respectively. To drains of the 
transistors Ml and M2, drains and gates of the transistors 
M3 and M4 , and gates of the transistors M5 and M6 are 
respectively connected. Source electrodes of the 



F-03ED0191 



transistors M3, M4, M5 and M6 are connected to a supply 
voltage VDD, respectively, and the drains of the 
transistors M5 and M6 are connected to the Inputs and the 
outputs of the Inversion amplifier (Inverter) . 
5 In the latch circuit configured by two Inversion 

amplifiers, a transistor M9 Is connected between the output 
terminals OUTP and OUTN, and the clock signal CLK Is 
applied to a gate electrode of the transistor M9 . A source 
electrode of the transistors M7 and M8 Is connected to the 

10 earth potential, a gate electrode of the transistor M7 Is 

connected to a drain electrode of the transistor M8 and the 
output terminal OUTP, and a gate electrode of the 
transistor M8 Is connected to a drain electrode of the 
transistor M7 and the output terminal OUTN* 

15 A source electrode of the transistor MIO Is 

connected to the supply voltage VDD, and a drain electrode 
thereof Is connected to a source electrode of the 
transistors Mil and M12. Gate electrodes of the 
transistors Mil and Ml 2 are connected to the output 

20 terminals OUTP and OUTN, respectively, and drain electrodes 
thereof are connected to OUTP and OUTN, respectively. 

To gate electrodes of the transistors M13 and M14 
composing one Inverter of the dual Inverter, the clock 
signal CLK Is applied. A source electrode of the 

25 transistor M13 Is connected to the supply voltage VDD, the 
drain electrode thereof Is connected to a drain electrode 
of the transistor M14 and a gate electrode of the 



- 10 - 



F-03ED0191 



transistors M15 and M16 composing other Inverter. A source 
electrode of the transistor Ml 4 Is connected to the earth 
potential together with a source electrode of the 
transistor M16. 

A source electrode of the transistor M15 composing 
other Inverter of the dual Inverter Is connected to the 
supply voltage VDD, and drain electrodes of the transistors 
M15 and M16 are connected to a gate electrode of the 
transistor MIO. 

The operation of the circuit shown In Fig. 2 will 
be described below. 

At first, when the clock signal CLK is at the High 
level and the transistor M9 turns the power on, the output 
terminals OUTP and OUTN are equalized to the equal 
potential. At the same time, the Inverter configured by 
the transistors Ml 3 and Ml 4 may operate, and consequently, 
the Inverter configured by the transistors Ml 5 and M16 may 
operate. Thereby, the transistor MIO Is made Into a non- 
conductive status behind. 

Two Input signals INP and INN are applied to the 
gates of the transistors Ml and M2, however, an Input 
signal Is not differentially amplified due to the 
differential amplifier circuit having the current mirror 
load circuit since the transistor M9 turns the power on and 
the output terminals OUTP and OUTN are equalized to the 
equal potential. 

Next, If the clock signal CLK transits to a Low 
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level, the transistor M9 is made into a non-active status, 
a potential difference between the input signals INP and 
INN that are applied to the transistors Ml and M2 is 
slightly amplified in the differential amplifier circuit 
5 having the current mirror load circuit to be outputted to 
the output terminals OUTP and OUTN. In addition, the 
eunplif ication operation is slightly performed by the 
transistors M7 and M8 . 

The transistor MIO is made into a conductive 
10 status behind due to delay of the clock signal CLK by the 
dual inverter, and this delay time makes a potential level 
of the output terminals OUTP and OUTN amplified by the 
differential amplifier having the current mirror load and 
the transistors M7 and M8 stable. However, a time till the 
15 potential level is stable is different depending on a 

potential difference of the input signals INP and INN and a 
driving ability of the differential amplifier having the 
current mirror load. 

Under this state, the latch circuit configured by 
20 two inversion amplifiers configured by the transistors M7 
and Mil, and the transistors M8 and M12 is operated, the 
small potential difference between the output terminals, 
which is amplified by the differential amplifier circuit 
having the current mirror load circuit, is rapidly 
25 amplified, and the potential of the output terminals OUTP 
and OUTN is held in the supply voltage VDD or the earth 
potential . 
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As described above, in the comparator circuit 
according to the first embodiment, by applying the clock 
signal CLK that is delayed by the dual inverter circuit 
configured by the transistors M13 and M14, and the 
5 transistors Ml 5 and Ml 6 to the gate electrode of the 

transistor MIO, it is possible to secure a time for making 
the voltage level amplified by the amplification operation 
by the differential amplifier having the current mirror 
load stable, and the simultaneous amplification operation 
10 by the differential amplifier having the current mirror 

load and the latch circuit can be evaded. This results in 
improvement of determination accuracy by providing a small 
delay circuit, so that a circuit does not become large in 
size. 

15 (Second embodiment) 

Fig. 3 is a circuit diagram of the second 
embodiment of a comparator circuit according to the present 
invention. In this circuit, the dual inverter circuit 
shown in Fig. 2 is replaced with a resistance Rl, and other 

20 components are identical with those in the first 

embodiment, so that the explanation about the configuration 
and the operation is herein omitted. 

Also in this circuit, as same as the circuit shown 
in Fig. 2, due to the delay operation of the clock signal 

25 CLK by the resistance Rl, the operation of the transistor 

MIO is delayed, so that it is possible to secure a time for 
making the voltage level amplified by the differential 
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amplifier having the current mirror load. This results in 
having an advantage identical to the first embodiment. 
(Third embodiment) 

Fig. 4A is a circuit diagram of the third 
5 embodiment of a comparator circuit according to the present 
invention. In this circuit, a two input OR gate circuit is 
disposed between the dual inverter circuit in Fig. 2 and 
the transistor MIO, an output signal of the dual inverter 
(the delayed clock signal CLK) is inputted in one input 

10 terminal, and the clock signal CLK is inputted in other 
input terminal. In addition, a two input AND gate is 
disposed, whereby, without directly applying the clock 
signal CLK to the gate electrode of the transistor M9, the 
clock signal CLK is inputted in one terminal, and an output 

15 signal of the dual inverter is inputted in other input 

terminal. Other components are identical with the first 
embodiment . 

According to this configuration, as shown in Fig. 
48, after a signal b of the gate electrode of the 

20 transistor MIO rises, a gate signal c of the transistor MO 
may rise behind At2, and after the gate signal c of the 
transistor M9 is lowered, the gate signal b of the 
transistor MIO is lowered behind At2, so that no through 
current passes through the latch circuit. Other advantages 

25 are identical to the first embodiment. 
(Fourth embodiment) 

Fig. 5 is a circuit diagram of the fourth 
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embodiment of a comparator circuit according to the present 
invention. In this circuit, the dual inverter circuit in 
the circuit shown in Fig. 4A is replaced with the 
resistance Rl . Due to this resistance Rl, the clock signal 
5 CLK is delayed as same as the dual circuit, and this makes 
the operation of this circuit identical with the operation 
of the circuit in Fig. 44A. Accordingly, the circuit 
according to the fourth embodiment has the same advantages 
as the circuit shown in Fig. 4A. 
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